Premise of the study: Fourteen genomic microsatellite markers were developed and characterized in honey locust, Gleditsia triacanthos , using Illumina sequencing. Due to their high variability, these markers can be applied in analyses of genetic diversity and structure, and in mating system and gene fl ow studies.
Honey locust ( Gleditsia triacanthos L.), a common leguminous tree native to the eastern and central United States, occurs on rich bottomlands and rocky upland slopes and is a frequent invader of abandoned fi elds ( Schnabel et al., 1998 ) . It is used in land reclamation efforts due to its fast growth and tolerance of poor site conditions ( Preston and Braham, 2002 ) . Honey locust populations are characterized by wide genetic variation in adaptive traits such as winter hardiness in northern races and more nutritious fruits in the south. Application of molecular genetic techniques such as markerassisted selection can be used in enhancing germplasm selection effi ciently compared to traditional breeding procedures. Development of genetic resources in this important species will aid studies of genetic diversity among its populations, and will help identify genes underlying desirable traits of interest in developing sustainable management strategies for this important but underutilized species. Identifi cation of genetic diversity within and among regions in honey locust through assessment of genetic variation in different environments is also important for effi cient selection of genotypes for land restoration purposes.
To date, no microsatellite resources have been developed in honey locust for characterizing its genetic resources. Gene-based microsatellite markers (expressed sequence tag-simple sequence repeats [EST-SSRs]) developed for related species such as Medicago truncatula Gaertn., Ceratonia siliqua L., and Copaifera officinalis (Jacq.) L. show low transferability and are not polymorphic in honey locust (data not shown). Next-generation sequencing is now frequently used for easy and rapid development of microsatellite markers across many different taxa ( Jennings et al., 2011 ) , reducing time and costs for sample processing and sequencing. Using low-coverage, paired-end Illumina genome sequencing of G. triacanthos , we characterized 14 nuclear microsatellite markers and assessed their variability in 36 samples from a provenance trial.
METHODS AND RESULTS
Low-coverage whole genome sequencing (Jennings et al., 2011) was used to produce an initial set of genomic resources for 10 hardwood tree species, including honey locust (Staton et al., in prep. for di-, tri-, and tetranucleotide repeats identifi ed 61,086 microsatellite motifs. Microsatellites were defi ned as a 2-bp motif repeated eight to 40 times, a 3-bp motif repeated seven to 30 times, or a 4-bp motif repeated six to 20 times. Using the program CAP3 ( Huang and Madan, 1999 ) , redundant sequences were fi ltered from the SSR-containing sequences (identity ≥ 95%), leaving only putatively unique loci.
The fi ltered reads were assessed with Primer3 ( Rozen and Skaletsky, 2000 ) to identify primers using default program settings with slight modifi cations: melting temperature = 54 ° C minimum, 58 ° C optimum, and 62 ° C maximum; amplicon size = 100 bp minimum, 200 bp maximum; and primer length = 17 bp minimum, 19 bp optimum, and 25 bp maximum. A total of 4715 primer pairs fl anking microsatellite motifs were identifi ed (4084 di-, 544 tri-, and 87 tetranucleotide motifs). The genomic SSR data are publicly available through the National Center for Biotechnology Information (NCBI) Short Read Archive. Amplifi cation and polymorphism of primers for 108 dinucleotide and 36 tetranucleotide repeat motifs were assessed in a panel of seven unrelated individuals (seed parent and six potential pollen donors of the 88 single-tree progeny; Appendix 1) after electrophoretic separation on the QIAxcel Fast Analysis System using the QIAxcel DNA High Resolution Kit for microsatellite analysis (QIAGEN). Polymorphic loci were amplifi ed in 36 samples from a provenance experiment (Kellogg Forest, Michigan, 28 provenances, latitudinal range: 30 ° 11 ′ N-42 ° 45 ′ N, longitudinal range: 76 ° 19 ′ W-106 ° 37 ′ W; Appendix 2) and in 88 single-tree progeny using fl uorescent-labeled forward primers (6-FAM, PET, NED, and VIC). Amplifi cation products were separated on an ABI Prism Genetic Analyzer 3730 (Applied Biosystems, Foster City, California, USA) and scored with GeneMapper version 4.0 (Applied Biosystems). PCRs were performed in a 15-μ L reaction mix that contained 3 μ L of 5 × HOT FIREPol Blend Master Mix Ready to Load (contains 10 mM MgCl 2 , 0.6 units of HOT FIREPol Taq polymerase, and 2 mM dNTPs; Solis BioDyne, Tartu, Estonia), 2 μ L each of 5 μ M fl uorescent-labeled forward (Applied Biosystems) and reverse primers (Sigma-Aldrich, St. Louis, Missouri, USA), 6 μ L double deionized water (DNase-and RNase-free), and 2 μ L DNA (~1.8 ng/ μ L). Amplifi cation was carried out in a Peltier Thermal Cycler (GeneAmp PCR system 2700, Applied * Primers characterized in the seed parent and 88 progeny.
Biosystems). The PCR profi le was as follows: 15 min denaturation at 95 ° C, followed by 35 cycles of 45 s denaturation at 94 ° C, a 45 s annealing step at the annealing temperature ( Table 1 ) , a 45 s elongation at 72 ° C, and a fi nal extension step at 72 ° C for 20 min. Observed ( H o ) and expected ( H e ) heterozygosities ( Nei, 1973 ) and number of alleles ( A ) were calculated in GENEPOP version 4.0.10 ( Raymond and Rousset, 1995 ) . Pairwise linkage disequilibrium for all loci was also calculated in GENEPOP. All 144 primer pairs amplifi ed products in the expected size range and 14 were polymorphic in the set of seven unrelated individuals after electrophoretic separation on the QIAxcel Fast Analysis System (QIAGEN). Using the diversity panel of 36 individuals from the species distribution range (Appendix 2), http://www.bioone.org/loi/apps the 14 microsatellite markers showed relatively high levels of polymorphism with number of alleles per locus ranging between three and 20 ( Table 2 ) . Genomic microsatellites are associated with high levels of polymorphism due to their occurrence in the less conserved untranscribed regions of DNA. H o ranged from 0.214 to 0.944 and H e from 0.400 to 0.934 ( Table 2 ) . H o and H e were similar in the samples for each locus, except for GTT116 ( Table 2 ) , which had a high number of missing data, indicating low incidence of null alleles for most of the 14 microsatellite markers. No signifi cant linkage disequilibrium was detected between markers ( P < 0.05) after Bonferroni correction. Out of the 14 loci, 11 were heterozygous in the seed parent of 88 progeny, and regular segregation of the maternal alleles was assessed in the progeny using a χ 2 test. Segregation distortion was observed for GLT026 and GTT131 ( P < 0.05), and for GTT117 and GTT4027 ( P < 0.01). Distorted segregation of alleles could be attributed to a variety of both genetic and physiological factors, including pollen-tube competition, pollen lethals, preferential fertilization, and elimination of zygotes ( Lu et al., 2002 ) .
CONCLUSIONS
This is the fi rst report of genomic microsatellites for G. triacanthos . The high levels of polymorphism at the 14 loci are especially useful for gene fl ow and mating system analyses in a species that is functionally dioecious. The microsatellites will also facilitate the study of the effect of isolation and fragmentation on genetic variation and structure in G. triacanthos populations.
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